(CD45RA, CD29, Leu-8), were measured on T lymphocytes recovered from blood and bronchoalveolar lavage fluid from normal subjects and patients with sarcoidosis. Few T lymphocytes from the lavage fluid of normal subjects and patients with sarcoidosis expressed the Leu 8+ or CD45RAbgShl phenotype expected for "naive" cells; more cells had the CD29dul phenotype expected for "naive" cells, though five of eight subjects had under 2% of such cells. These findings support the conclusion that the only T lymphocytes present on the surface of the respiratory tract are those recognising antigens that have been previously encountered by the individual. Further studies are required to determine whether "naive" T lymphocytes are present in other lung compartments.
T lymphocytes are prominent in lavage fluid recovered from the lower respiratory tract of normal individuals and are present in the lung in increased numbers in patients with various lung diseases. These cells are thought to have an important role in protecting the normal lung against microorganisms and foreign antigens, in addition to producing lung damage in disorders characterised by uncontrolled immune responses. "13 Despite their importance, little is known about the factors controlling the recruitment of T lymphocytes to the human lung. Studies in animals suggest that the activation of "naive" lymphocytes induced by inhaled antigens occurs in regional and central lymph organs (hilar nodes, spleen) rather than in the lung.'
Once activated, the lymphocytes -re recruited to the lung, a process amplified by the presence of an immune-inflammatory reaction within the lung and by the presence of specific antigen. 1015 If this hypothesis is correct, virtually all lymphocytes present in the lung should show evidence of prior activation. Previous studies have shown that relatively few T lymphocytes present on the alveolar surface express antigens associated with recent activation, such as HLA-DR, transferrin receptors, or receptors for interleukin 2.16 " These activation antigens, however, are only transiently expressed. Thus, although these studies indicate that most T lymphocytes in lavage fluid have not been activated recently, it remains unclear whether the remaining cells are "naive" T lymphocytes or "memory" T lymphocytes, which have previously been activated but have lost their expression of markers of recent activation. In supporting the idea that many T lymphocytes present on the alveolar surface may have been previously activated is the fact that more than 200o of T lymphocytes in lavage fluid from normal subjects express the "late" activation antigen VLA-l 18 Recently several monoclonal antibodies have been described that detect surface antigens on a subpopulation of circulating blood T lymphocytes (Leu-8, CD45RA, CD29 Electronics) . Two of the antibodies used in the study (CD45RA and CD29) distinguish subpopulations of blood T lymphocytes based on the relative intensity of staining with these antibodies as most cells are "positive" with these antibodies, though the expression varies from low to high.'0 Although the distribution is usually bimodal (for example, cells with low and high expression), cells expressing intermediate levels of these surface antigens are also present. To quantify the expression of these surface antigens on lymphocytes, cursors were placed at the channels of the "raw" fluorescence histogram for blood lymphocytes containing the largest number of cells with "low" and "high" expression (see example in fig 1A) . This permits the definition of three populations: cells expressing little surface antigen ("dull"), cells expressing intermediate amounts of antigen ("intermediate"), and cells expressing large amounts of antigen ("bright"). The same cursors were then used to separate the "raw" fluorescence histogram of (2) , n = 4; sarcoidosis 1 (2), n = 4; p > 0-2). [7] [71 [7] Lavagefluid CD4+ 1 (1) 74 (27) (23) 49 (16) 12 (7) 18 (12) 51 (2) 31 (13) CD8+ 22 (26)* 12 (8) 66 (8) 22 (5) 15 (10) 49 (9) 36 (11) [7]
[4]
[4] Lavagefluid CD4+ 1 (1) 44 (40) 55 (39) 1 (2) 1 (1)t 39(17) 60 (17) CD8+ 1 (1) 17 (13) 79 (13) 3 (3) (fig 2A) .
The proportion of CD29dull, CD29'ntlmdit', and CD29'r'g't cells in the two study groups was similar (table 2., p > 0-2 for each comparison).
Expression of CD29 on CD4+ lavage fluid lymphocytes was uniimodal., most cells being CD29bright/intenne'ate but a broad ""tail" of cells expressing smaller amounts of this antigen. A few CD4+ lavage fluid lymphocytes were CD29dull (CD4+ CD29du"l lymphocytes: %/ in normal subjects 8 (8) i sarcoidosis I (1); p < 0-01 and <0 05 respectively in the comparison of CD29dull cells in lavage fluid and blood for the two groups)..A;lthough CD4+ lavage fluid lymphocytes considered to be CD29dulI were identified, some individuals had very few such cells (two of four normal subjects and three of four patients with sarcoidosis had less than 2o%).
CD8 cells
The expression of CD29 on CD8+ blood T lymphocytes also had a bimodal distribution. The expression of CD29 on CD8+ lavage lymphocytes was unimodal, and generally few cells with the CD8' CD29dUll phenotype were observed (table 2); half the subjects had less than 2°h of such cells.
INTENSITY OF EXPRESSION OF CD4 AND CD8 ON BLOOD AND LAVAGE FLUID T LYMPHOCYTES
The intensity of expression of CD4 on blood T lymphocytes from normal subjects and patients with sarcoidosis was homogeneous in its distribution. CD4+ lavage fluid lymphocytes also stained strongly with the CD4 antibody, but the channel of peak fluorescence was less here than in blood T lymphocytes (normal subjects: channel number for blood 152 (19) , lavage fluid 113 (25); sarcoidosis: blood 153 (22) , lavage fluid 136 (20)). The intensity of staining with CD8 monoclonal antibody was similar for blood and lavage lymphocytes.
Discussion
The most striking finding of this study is that most CD4+ and CD8+ T lymphocytes recovered by bronchoalveolar lavage have the Leu-8 -, CD45RAdul-tmediate CD29bright-intemecdiate phenotype, whereas Leu-8+, CD45RAbflght, CD29dUl1 T lymphocytes, present in substantial numbers in the blood, are very scanty in the lung. Recent studies suggest that the expression of these surface antigens changes with differentiation. "Naive" T lymphocytes are thought to express the Leu-8+ CD45RAbridhg
CD29dUl phenotype. Activation of such lymphocytes via their T cell receptor is associated with a progressive change in surface phenotype to Leu-8-CD45RAdU"l CD29brt.25`°The findings of this study are therefore compatible with the hypothesis that essentially all lymphocytes present on the surface of the lower respiratory tract have been previously activated. If "naive" T lymphocytes were to be activated in situ on the alveolar surface, large numbers of "naive" cells would have to be present to ensure that all possible antigen specificities could be identified. Very few lymphocytes expressing the surface phenotype expected for "naive" cells were identified in this study, supporting the conclusion that alveolar space lymphocytes are largely restricted to cells recognising antigens previously encountered by the individual.
Our results on the expression of Leu-8, CD45RA, and CD29 on blood lymphocytes are similar to those of others.26 3 Semenzato et al 35 found that most CD4+ lavage T lymphocytes were Leu-8-as determined by immunofluorescence microscopy, but differences in Leu-8 expression between normal subjects and patients with sarcoidosis, as in their study, were not found in ours. Gerli et al,36 studying CD4+ lymphocytes, and Saltini et al,37 studying CD3+ lymphocytes,38 found that most lymphocytes in lavage fluid were CD45RA-and CD29-T. Although both these studies indicate that CD45RA+ lymphocytes are present in the lung, the distribution of the intensity of fluorescence was not described, so it is not clear whether the "CD45RA+" cells reported in these studies correspond to the weakly stained CD45RAintermediate cells we observed. 4 and lavage CD4+ T lymphocytes reacted less strongly with the CD4 antibody than did blood CD4+ T lymphocytes. In contrast, activation of CD8+ T lymphocytes does not modulate CD8 expression, and lung and blood CD8+ T lymphocytes expressed similar amounts of CD8 antigen. The expression of the Leu-8, CD45RA, and CD29 surface antigens on CD4+ T lymphocytes from normal subjects and patients with sarcoidosis did not differ significantly in this small study, though blood T8+ lymphocytes from the patients were more likely to be Leu-8-. Further studies are needed to determine whether expression of these antigens on blood T lymphocytes is related to disease activity in sarcoidosis.
Several limitations of the present study should be considered. We studied only cells recovered from the alveolar compartment and the airways. Possibly lymphocytes in other lung compartments are not activated, and could respond in situ to previously unencountered antigens. This study does not indicate where the alveolar surface lymphocytes were initially activated or what proportion of lavage fluid lymphocytes arrived by recruitment. Lung T lymphocytes can proliferate in the presence of specific antigen34 and clonal expansion locally could greatly increase the number of lymphocytes present on the alveolar surface without changing the expression of Leu-8, CD45RA, or CD29, as T-lymphocyte clones proliferating in vitro usually have the Leu-8-CD45RA-CD29+ phenotype. 2627 This study suggests that essentially all lymphocytes present on the alveolar surface have been previously activated. Other studies are required to determine whether "naive" T lymphocytes are present in other lung compartments. 
